Rainstorms can flush large amounts of faecal pollution from land sources into water bodies, threatening, particularly, contact recreation and bivalve shellfish harvest. We quantified the faecal pollution loads of stormflows in the Toenepi Stream, draining a catchment in intensive dairy-farming (Waikato Region, New Zealand). In this stream, as is typical, E. coli concentration peaks well ahead of flow on storm flow hydrographs, which complicates calculation of loads. However, stormflow E. coli concentration correlates with turbidity in the Toenepi Stream, so we used a continuously-recording turbidimeter to estimate 'continuous' E. coli concentrations and thence E. coli fluxes (cfu/s) and loads (cfu). E. coli was measured on 25 out of the 30 (83%) of storm events occurring in the Toenepi Stream in a 12-month period, using an automatic sampler sampling every 2 hrs over stormflow hydrographs for microbial analysis (within 48 hr). E. coli (cfu) yield on individual events tended to increase systematically with event size. The sum of storm-flow exports (occurring 24% of total time) amounted to 95% of the total annual E. coli export from the Toenepi Catchment. The stream exported about 6% of the (expected) total E. coli production in cattle faeces within the catchment.
INTRODUCTION
New Zealand has about 10 million cattle and 40 million sheep, but only 4 million people, so livestock faecal contamination is of particular concern in this country (PCE 2004) . There is a high incidence of some zoonotic diseases in New Zealand, notably campylobacteriosis (currently over 400 reported cases/100,000 people/year), and livestock are the single biggest compartment for this pathogen in the New Zealand environment.
Stormflows are known to flush large amounts of faecal pollution from land sources such as livestock into water bodies downstream (McDonald & Kay 1981) , threatening, particularly, contact recreation, water supply, and harvesting of bivalve shellfish (Lipp et al. 2001) . The well-known association of high faecal microbial concentrations with stormflows is usually attributed to wash-in of faecal matter with overland flow. However, recent research (overviewed by Davies-Colley 2007) suggests that faecal microbes, such as the favoured freshwater indicator bacterium, Escherichia coli, usually peak in concentration well ahead of peak flow. This timing is problematic because faecal microbes washed in with overland flow should arrive after the flow peakwhich travels as a wave moving down the channel appreciably faster (by about 50%) than the water and its constituents. Wilkinson et al. (2006) have proposed that peaks of faecal bacteria arriving ahead of flow peaks reflect entrainment of sediment stores of these bacteria. Several studies have presented evidence of the existence of such stores, and Nagels et al. (2002) and Muirhead et al. (2004) used artificial flood events (in fine weather without any confounding overland flow) to quantify their magnitude.
Dairying is a major industry in New Zealand and one that is increasingly cited for its environmental impacts, including faecal microbial pollution (PCE 2004 unusually high, at least at baseflow, although elevated compared to other land uses and often exceeding guidelines for contact recreation (Wilcock et al. 2007 ). However, concentrations in these same dairy streams can be two or more orders of magnitude higher during stormflows (Donnison et al. 2006) . We wished to better understand faecal pollution dynamics over storm events, and sought to quantify the faecal pollution yields from dairy land -as a precursor to catchment modelling efforts to assess mitigation measures. The Toenepi Stream, draining an intensively dairyfarmed catchment near Morrinsville, Waikato Region, New
Zealand, was chosen for study because of its proximity to our laboratory at Hamilton and because several other research projects are underway on water quality effects of dairying and mitigation measures in this catchment . This paper reports (1) the stormflow faecal pollution dynamics in the Toenepi Stream as indicated by E. coli, and
(2) the export of this bacterium in individual storm events versus intervening baseflows, and the total export as a proportion of catchment 'production' in livestock faeces.
METHODS
The Toenepi Catchment is one of 5 representative dairy focus catchments in New Zealand (Wilcock et al. 2007) which are the subject of intensive long-term monitoring to document environmental improvements as best management practices (BMPs) are increasingly adopted. The Toenepi Stream (catchment area 15.1 km 2 above the hydrometric site at 378 42.28 0 S, 1758 33.06 0 E) is a tributary of the Piako River in the Waikato Region of New Zealand near Morrinsville, one of the most intensively dairy-farmed areas in New Zealand (about 3 cows/ha). The Toenepi Catchment has mostly flat (89% , 78) topography with appreciable artificial drainage, and is 100% pasture, with 83% of livestock being dairy cows (Wilcock et al. 1999 . The catchment receives about 1160 mm/yr of rainfall and streamflow export is 419 mm/yr (36% runoff) at a mean flow of 210 L/s (median flow ¼ 73 L/s).
Water quality monitoring has been conducted in the Toenepi Stream for a decade (Wilcock et al. , 2007 , 
DISCUSSION
The dynamics of faecal pollution over hydrographs, with E. coli peaking well ahead of flow, and close to the maximum rate-of-increase of flow (e.g., Figure 1 ), seems to be consistent in large and small streams and almost There is another (ultimate) source of faecal pollution from livestock besides wash-in of faecal deposits, however, namely direct deposition by livestock into streams to which the animals have access (Collins et al. 2007) . The size of this source is compared below with the total stream annual export.
As we might have expected, export of E. coli in storm events in the Toenepi Stream increased systematically with size of the events (measured as water yield), but with considerable scatter (Figure 2 ). Much of this scatter is probably explainable considering antecedent conditions.
For example, the largest E. coli yield (indicated on Figure 2) occurred on only the fifth largest storm event, probably because this event occurred after a sustained period (6 weeks) of baseflow recession during which time faecal pollution stores built up in the catchment to high levels.
Conversely, some of the events plotting low in Figure 2 occurred soon after earlier events which probably flushed catchment stores (on land and in stream sediments).
The exponent of the power-law fitting line in Figure 2 is appreciably greater than unity at 1. 
CONCLUSIONS
Faecal pollution dynamics and loads of stormflows were studied in the intensively dairy-farmed Toenepi Catchment. E. coli (cfu) yield on 30 individual events increased more rapidly than event size owing to a trend to increasing event mean concentration with increasing event size. The sum of export in the storm events amounted to 95% of the total annual E. coli export from the Toenepi Catchment. The stream exported about 6% of the (expected) total E. coli production in cattle faeces within the catchment.
